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Abstract

Sosnovsky’s hogweed (Heracleum sosnowskyi Manden.) is an invasive plant species widely distributed
across Eastern Europe and Russia that poses a serious threat to human health due to its pronounced
phototoxic properties. Contact with the plant sap, followed by exposure to ultraviolet radiation,
frequently results in phytophotodermatitis characterized by erythema, blistering, ulceration, and
long-lasting hyperpigmentation. The photochemical injuries are primarily attributed to highly
oxygenated secondary metabolites, notably furanocoumarins, which act as potent photosensitizers
and induce cellular and DNA damage upon UV activation. This review provides a comprehensive
overview of the botanical distribution and invasiveness of H. sosnowskyi, the chemical composition of
its biologically active metabolites, and the molecular mechanisms underlying hogweed-induced skin
injuries. Particular emphasis is placed on the photochemical transformations of furanocoumarins,
including psoralens and their photooxidation products, such as 1,2-dioxetanes, which generate
reactive oxygen species and DNA crosslinks. In addition, the review discusses other compounds
derived from hogweed biomass, including furan derivatives, aromatic compounds, fatty acids,
sterols, and their oxidative products, which may contribute to phototoxic and cytotoxic effects.
Clinical manifestations of hogweed burns, their classification, symptomatology, and current
therapeutic approaches are critically analyzed, highlighting the lack of standardized treatment
guidelines. By integrating chemical, biological, and clinical data, this review aims to elucidate the
mechanisms of photochemical skin injury caused by H. sosnowskyi and to support the development
of more effective preventive and therapeutic strategies.
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1. Introduction

Heracleum is a genus of herbaceous plants belonging to the family Apiaceae, widely distributed
across the temperate regions of the Northern Hemisphere, with some species extending into highland
areas as far south as Ethiopia. Members of this genus are commonly known as hogweeds or cow
parsnips [1-5]. According to current taxonomic classifications, the genus comprises approximately
147 confirmed species occurring throughout Eurasia, Africa, and North America. The principal
centers of species diversity are located in the Caucasus and southwestern China. In Russia, 21 species
of Heracleum are found in the North Caucasus, while H. sibiricum and H. dissectum are widespread in
European Russia, Western Siberia, Siberia, and the Far East [4,6-10].

Sosnovsky’s hogweed (Heracleum sosnowskyi) is a large perennial herbaceous plant belonging to
the family Umbelliferae [11]. The Russian common name “Borshchevik” (hogweed) reflects its
historical culinary use. Between the 17th and 19th centuries, young shoots were added to traditional
soups such as borscht in certain regions of Russia, similarly to the use of nettle leaves today. In other
areas, the plant was referred to as “bear’s paw” due to the characteristic shape of its leaves and its
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impressive size. The Latin genus name Heracleum is derived from Hercules, emphasizing the plant’s
vigorous growth [5].

In the Caucasus and Kamchatka regions, young hogweed leaves were traditionally used to
flavor vegetable and meat soups in early spring. Prior to flowering, young shoots were pickled, leaves
were salted, stems were candied, and foliage was dried after soaking or boiling to remove essential
oils and coumarins. The roots, rich in sugars, were used for sugar extraction, and in some Caucasian
regions, vodka was distilled from hogweed-derived substrates during autumn. Historical records
indicate that hogweed once represented an important food source for both humans and livestock in
these regions [9,10,12-14].

Despite its former agricultural and culinary value, H. sosnowskyi is now recognized as a highly
dangerous invasive species. The leaves and fruits contain essential oils and aromatic compounds that
can induce severe skin irritation and chemical burns upon contact. These effects are primarily
associated with furanocoumarins, a class of secondary metabolites that markedly increase skin
sensitivity to ultraviolet (UV) radiation [15]. The most severe phototoxic reactions occur following
contact with plant sap under sunny conditions or after brief UV exposure. Clinical manifestations
include erythema, blistering, and fluid-filled bullae, which may develop several hours or even days
after exposure.

Figure 1. Sosnowsky’s hogweed (Heracleum sosnowskyi) distribution and hazard. Sosnowsky’s hogweed is
widespread across Central and Eastern Europe, including the Czech Republic, Germany, Poland, Latvia, Estonia,
Finland, Sweden, and Russia. Originally introduced and cultivated as a forage crop for cattle, it has since escaped

cultivation and become an aggressive invasive species, causing significant ecological damage. The leaves and
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fruits contain essential oils rich in photosensitizing compounds that increase skin sensitivity to sunlight, leading

to phytophotodermatitis and severe skin burns upon exposure.

In addition to its phototoxic effects, H. sosnowskyi is a potent allergen capable of inducing both
contact and respiratory allergic reactions. The plant emits a strong odor, often compared to kerosene,
detectable at distances of up to five meters. Accidental contact of sap with the eyes can result in severe
ocular damage, including temporary or permanent blindness [16,17].

The phototoxicity of H. sosnowskyi is attributed to a diverse array of light-sensitive
furanocoumarins, including psoralen, isopimpinellin, phellopterin, angelicin, sphondin, bergapten,
isobergapten, and pimpinellin. Upon exposure to UV radiation, these compounds undergo
photochemical transformations leading to the formation of reactive intermediates, including
structures containing a 1,2-dioxetane fragment. These intermediates are highly reactive and capable
of damaging cellular components, particularly DNA. Studies by Kulikov and co-workers [18] and
Frumin [19] have identified these biologically active metabolites in various tissues of H. sosnowskyi,
directly linking them to skin burns and genotoxic effects.

This review summarizes current knowledge on the biologically active metabolites present in
different tissues of Heracleum sosnowskyi and focuses on their photochemical properties,
mechanisms of skin injury, and DNA-damaging effects following exposure to ultraviolet radiation.

2. Furanocoumarins Produced by Hogweed

Furanocoumarins constitute a class of predominantly plant-derived secondary metabolites,
widely recognized for the pronounced photosensitizing properties of several representatives,
including angelicin, sphondin, bergapten, psoralen, and methoxsalen. Structurally, furanocoumarins
consist of a coumarin nucleus formed by a benzene ring fused to an a-pyrone ring, with an additional
furan moiety attached to the core structure (Figure 2). Upon exposure to ultraviolet (UV) radiation,
these compounds become photoactivated and can induce severe phototoxic reactions in human skin
[4,18,19].

Extensive research on plant-derived furanocoumarins over the past decades has led to the
identification and structural elucidation of most naturally occurring members of this compound class.
Beyond their well-documented phototoxicity, several furanocoumarins—such as bergapten,
psoralen, imperatorin, sphondin, and angelicin—have attracted considerable interest due to their
therapeutic potential. These compounds have been investigated for applications in cancer therapy,
dermatological treatments (notably PUVA therapy), and as antiseptic, neuroprotective,
osteoprotective, and antioxidant agents [4,20,21].

Plants belonging to the family Umbelliferae (Apiaceae) represent the richest known source of
furanocoumarins, although these metabolites are also present in species from other plant families. To
date, more than fifty naturally occurring furanocoumarins have been described in the scientific
literature [22,23]. The present review focuses on furanocoumarins characteristic of umbelliferous
plants, using Heracleum sosnowskyi as a representative example. This species is distinguished by its
exceptional invasiveness, ecological resilience, and high biomass productivity. Its ability to cause
severe photochemical skin burns is directly linked to the high concentration of furanocoumarins
accumulated in its tissues.
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Figure 2. Furanocoumarins derived from Sosnovsky's hogweed.

Despite the significant health risks associated with H. sosnowskyi, several furanocoumarins
present in this plant—such as psoralen, bergapten, imperatorin, and pimpinellin—are valuable
bioactive compounds extensively studied and utilized in pharmaceutical research. These metabolites
have found applications in the treatment of dermatological disorders and are increasingly
investigated for potential roles in neurodegenerative disease therapy. Thus, H. sosnowskyi represents
a paradoxical biological resource, functioning simultaneously as a hazardous invasive species and a
reservoir of pharmaceutically relevant secondary metabolites [23,24]. Figure 1 illustrates
furanocoumarins (1-12) isolated from various tissues of Sosnovsky’s hogweed. Although
quantitative content varies depending on geographical origin and environmental conditions, the
qualitative composition of these compounds remains relatively stable.

Recent analytical studies have re-examined the furanocoumarin profile of H. sosnowskyi leaves.
Plant material collected in Vilnius, Lithuania, was subjected to microwave-assisted extraction, with
optimization of key parameters including solvent selection (hexane) and extraction temperature (70
°C). Four major furanocoumarins were identified and quantified using gas chromatography-mass
spectrometry (GC-MS) and gas chromatography with flame ionization detection (GC-FID): angelicin
(2.3 mg/g), psoralen (0.15 mg/g), methoxsalen (0.76 mg/g), and bergapten (3.14 mg/g) [25].
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Complementary findings were reported by Bespalov and Egorov [26], who analyzed the
chemical composition of Sosnovsky’s hogweed collected in the St. Petersburg region. In a
comparative study of essential oil fractions extracted from the fruits of three Heracleum species (H.
mantegazzianum, H. persicum, and H. sosnowskyi), all samples were found to contain a diverse
spectrum of furanocoumarins, including angelicin, psoralen, methoxsalen, bergapten, isobergapten,
isopimpinellin, pimpinellin, and imperatorin. Notably, isopimpinellin was identified as the dominant
compound in H. sosnowskyi, whereas isobergapten predominated in H. mantegazzianum. The fruits
analyzed in this study were harvested from wild-growing plants in Wroclaw, Poland, in August 2015
[27].

3. Photochemical Burns Caused by Hogweed Juice

The rapid and uncontrolled spread of giant hogweed (Heracleum spp.) represents a serious
ecological, economic, and public health problem in many European countries, including Russia. This
invasive plant adversely affects biodiversity by displacing native flora, disrupts natural ecosystems,
and causes substantial economic losses. In addition, it poses a significant risk to human health due to
its pronounced phototoxic properties [11,28,29].

Among representatives of the genus Heracleum, Sosnovsky’s hogweed (Heracleum sosnowskyi) is
considered the most aggressive and hazardous species. Introduced in the mid-20th century as a
forage crop, it rapidly escaped cultivation due to its high seed productivity and self-seeding ability.
As a result, its distribution has expanded dramatically, now encompassing Eastern Europe and
almost the entire European part of Russia [30,31].

Isolated reports of toxic effects associated with H. sosnowskyi appeared shortly after its
introduction into agriculture in the 1950s. At present, the scale and severity of these effects can be
described as alarming [29]. The plant’s juice contains high concentrations of phototoxic secondary
metabolites—primarily furanocoumarins such as bergapten, isobergapten, isopimpinellin,
xanthotoxin (8-methoxypsoralen, see Figure 2), and psoralen —which are directly responsible for skin
damage following exposure to sunlight [4].

Hogweed-induced burns represent a common and severe problem during the summer months.
Contact with the plant itself is typically painless, as its leaves lack thorns or mechanical irritants.
However, exposure to its sap—often through cut stems or damaged plant tissues—followed by
ultraviolet (UV) irradiation leads to delayed but severe photochemical skin injury. Within 4-5 days
after contact, or sometimes earlier, sharply demarcated hyperpigmented areas appear on the skin.
These lesions subsequently develop into blisters of varying size, which rapidly enlarge and merge,
often covering extensive areas of the affected skin (Figure 3). The blisters may rise 0.5-3 cm above the
skin surface and are filled with clear serous fluid [32,33].

Rupture of the blisters is strongly discouraged, as removal of the blister roof exposes highly
sensitive underlying tissue, resulting in intense pain and increased risk of secondary infection. Even
minimal contact with clothing or bedding can cause severe discomfort. Typically, the blisters rupture
spontaneously within one week, followed by a stage of profuse exudation. Subsequently, a thin
hyperpigmented crust forms, which gradually thickens, dries, and adheres firmly to the wound
surface [3,32].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1700.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2025

Figure 3. Photochemical dermatitis caused by Sosnowsky’s hogweed sap. Contact with the sap of Heracleum
sosnowskyi followed by exposure to sunlight induces photochemical dermatitis, resulting in skin lesions of
varying severity. The lesions most frequently affect the upper and lower limbs and clinically resemble superficial
thermal burns of grades I, I, and IITA. Panels a, ¢ and e show lesions on the hands, while panels b and d illustrate
lesions on the legs. Management of photochemical dermatitis should include systemic measures such as
detoxification, administration of antihistamines, analgesics, hormonal therapy, and antibacterial treatment when

indicated. Local therapy should follow standard clinical algorithms used for the treatment of thermal burns.

Pain persists for one to two weeks and gradually diminishes as epithelialization progresses. The
crust remains for approximately two to three weeks before exfoliating from the edges, revealing
newly formed, pink, shiny skin. Intense itching often accompanies the later stages of healing,
particularly in children. Although the skin eventually recovers, residual hyperpigmentation may
persist for months or even several years after severe burns [3,32,33].

The phototoxic nature of hogweed juice has been attributed primarily to furanocoumarins,
especially psoralen and 8-methoxypsoralen. These compounds exhibit strong photosensitizing
properties, dramatically increasing skin sensitivity to UV radiation and producing lesions that closely
resemble thermal burns. This effect has been well documented in both experimental and clinical
studies [18,34-36].

The pronounced photosensitizing activity of furanocoumarins is structurally determined by the
presence of a furan ring fused to the coumarin core, particularly at positions 6, 7, and 8 (Figure 4).
Structural modifications, such as removal or repositioning of the furan ring, result in a significant
reduction or complete loss of phototoxic activity, as demonstrated in multiple structure-activity
relationship studies [37-39].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1700.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2025

d0i:10.20944/preprints202512.1700.v1

7 of 25

Importantly, furanocoumarins themselves are relatively inert in the absence of light. Their
toxicity arises from photochemical transformations, leading to the formation of highly reactive
oxidation products, notably 1,2-dioxetanes [40]. Upon UV irradiation in the presence of molecular
oxygen or ozone, the double bond between the 2’ and 3’ positions of the furan ring undergoes
oxidation, yielding unstable 1,2-dioxetane intermediates. The formation, stability, and decomposition
pathways of these compounds have been extensively investigated [41,42]. In some cases, 1,2-
dioxetanes can exist in relatively stable forms when coordinated with specific ligands [43].

1,2-Dioxetanes are potent sources of electronically excited triplet-state carbonyl species
generated during their decomposition. In biological systems, these excited intermediates can interact
with cellular macromolecules, particularly DNA, leading to strand breaks, base modifications, and
cross-link formation. Such DNA damage has been characterized using specialized repair
endonucleases and molecular biology techniques [44-46].

The mechanisms underlying psoralen photooxidation and the formation of its principal
photoproducts have been thoroughly elucidated [47]. Photochemical reactions involving psoralen
can be broadly classified into three categories: (i) reactions involving cleavage of the furan ring, (ii)
reactions involving cleavage of the pyrone ring, and (iii) deep photolysis leading to extensive
molecular fragmentation. Notably, the formation of furan-ring cleavage products proceeds via singlet
oxygen, generated during psoralen photooxidation in solution. Singlet oxygen attacks the 2',3"-double
bond of the furan ring, resulting in the formation of a transient dioxetane intermediate, which
subsequently decomposes into highly reactive species responsible for cellular and DNA damage

[48,49].
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Figure 4. The general scheme of psoralen oxidation and formation of 1,2-dioxetanes (13-16) and oxidation to
salicylaldehyde (19).

All photochemical reactions leading to the formation of psoralen-derived photoproducts can be
classified into three major categories:

(i) Reactions involving cleavage of the furan ring,

(ii) Reactions involving cleavage of the pyrone ring, and

(iii) Deep photolysis resulting in extensive molecular fragmentation.

Photoproducts arising from furan-ring cleavage are formed via the participation of singlet
oxygen, which is generated during psoralen photooxidation in solution. Singlet oxygen attacks the
double bond between the 2’ and 3’ positions of the furan ring, producing a transient 1,2-dioxetane
intermediate [48,49]. Subsequent simultaneous cleavage of the O-O and C-C bonds within the
dioxetane results in the formation of a dialdehyde intermediate. Hydrolysis of the ester bond of this
intermediate ultimately yields the stable photoproduct 6-formyl-7-hydroxycoumarin (17). A similar
photooxidative furan-ring opening mechanism has been proposed for 5-methoxypsoralen and 8-
methoxypsoralen [50].

Photoproducts resulting from cleavage of the pyrone ring are generated through two related
mechanisms. Following photon absorption, an electronically excited psoralen molecule undergoes
solvolysis with water, leading to the formation of furocoumaric acid. Subsequent oxidation of the
newly formed double bond in the pyrone ring—mediated by dissolved molecular oxygen and
potentially involving intermediate species—produces 5-formyl-6-hydroxybenzofuran (18). Thus,
both furan- and pyrone-ring cleavage pathways ultimately generate aldehyde-containing
photoproducts, including 6-formyl-7-hydroxycoumarin (17) and 5-formyl-6-hydroxybenzofuran
(18), via ester bond hydrolysis.

Deep photolysis of psoralen results in a broader spectrum of low-molecular-weight
photoproducts. These include compounds with simultaneous cleavage of both the furan and pyrone
rings, yielding benzaldehydes and benzodialdehydes, as well as small aldehydes such as
formaldehyde and acetaldehyde and their corresponding carboxylic acids. Notably, many of these
aldehyde photoproducts absorb UVA radiation and can undergo secondary autoxidation, initiating
chain reactions that further amplify photochemical damage [51].

In addition to oxidative phototransformations, psoralen (4) readily reacts with nucleic acids
upon UVA irradiation (365 nm). Psoralen forms both monofunctional and bifunctional covalent
adducts with pyrimidine bases in DNA (20, Figure 5), along with minor amounts of photodimers and
photooxidation products. The formation of monofunctional adducts is kinetically coupled to
bifunctional adduct formation, occurring in an approximate ratio of 4:1. Among monofunctional
photoproducts, 2',3"- (21) and 3,4-cycloadducts are formed in higher yields than 4',5'-cycloadducts.
The rate constants for photodimerization and photooxidation are significantly lower than those for
cycloadduct formation, indicating that these byproducts represent minor pathways relative to DNA
cross-linking reactions [52].

The efficiency of psoralen-DNA photoreactions is strongly influenced by the formation of pre-
reactive molecular complexes stabilized by weak noncovalent interactions. Such complexation
enables the short-lived excited state of psoralen to react efficiently with DNA bases, minimizing
diffusion-controlled losses and solvent quenching of reactive intermediates.
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Figure 5. Photochemical interaction of psoralens with nucleic acids. The reaction of psoralens with DNA is
governed by three key factors: kinetic, spatial, and electronic parameters. Upon exposure to ultraviolet radiation,
psoralen molecules interact with thymidine residues in DNA, leading to the formation of cyclobutane
pyrimidine dimers. These dimers consist of a four-membered cyclobutane ring formed by the [2+2] cycloaddition
of double bonds from two adjacent pyrimidine bases. Psoralens present in Sosnowsky’s hogweed sap therefore
induce DNA damage upon irradiation with UV or sunlight and are also capable of damaging RNA under near-
UV light. When psoralen molecules intercalate between DNA base pairs, they undergo highly specific
photochemical reactions that facilitate efficient cross-linking and nucleic acid modification.

The photoreactivity of psoralens has been elegantly rationalized using the bis-psoralen model
[53]. Substantial experimental evidence indicates that psoralens form noncovalent complexes with
nucleic acids through intercalation of their planar chromophores (24-30, Figure 6) between base pairs
of double-stranded DNA or RNA [54]. In contrast, single-stranded DNA and RNA generally exhibit
significantly lower affinity for psoralens due to the absence of stable base stacking, making double-
stranded and supercoiled DNA the primary biological targets of psoralen-induced photochemical
damage.
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Figure 6. Psoralen-thymidine photo-adducts and their structural variability. Photo-adduct structures,
predominantly minor cyclobutane-containing complexes formed between psoralen and thymidine, exhibit
considerable structural variability. The size and extent of these isomeric complexes can range from short adducts
to extended structures involving up to 200 linked units, depending on factors such as ultraviolet radiation
intensity, exposure duration, pH, oxygen availability, and the local DNA environment. The length and
complexity of these psoralen-DNA photo-adducts directly influence the severity of DNA damage, as larger and
more stable cross-linked structures more effectively disrupt DNA replication, transcription, and repair

processes.

4. Furan, Aromatic, and Other Compounds Derived from H. sosnowskyi Biomass

The chemical composition of products formed during the oxidative thermal decomposition of
fuel pellets prepared from Heracleum sosnowskyi biomass has been investigated using gas
chromatography—mass spectrometry (GC-MS) [55]. Biomass collected in the village of Vylgort (Komi
Republic, Russia) was air-dried to constant weight, pelletized, and subsequently subjected to
controlled combustion in a specialized experimental apparatus. The volatile and semi-volatile
products generated during oxidative thermal degradation were captured and analyzed using a gas—
liquid chromatography system equipped with a mass-selective detector.

Analysis of the chromatographic and mass spectral data allowed the identification of 39 low-
molecular-weight compounds among the 47 detected constituents. Both qualitative and quantitative
assessments demonstrated that the composition of the degradation products was closely correlated
with the biochemical makeup of the biomass. In particular, the relative contents and structural
features of cellulose, hemicellulose, and lignin were found to be decisive factors governing the
formation of individual compounds.
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Cellulose and hemicellulose were shown to undergo thermal degradation more
readily, whereas lignin —owing to its condensed aromatic structure —exhibited
greater thermal stability. As a result, the pyrolysis products were dominated by
carbohydrate-derived compounds, including seven furan derivatives (31-38),
(tetrahydro-2H-pyran-2-yl)methanol (39), levoglucosan (40), and four cyclopentane
derivatives (41-44) (Figure 7).

Furfural (2-furaldehyde, 31) is an aromatic aldehyde derived from furan, in which the hydrogen
atom at the 2-position is replaced by a formyl group. Furfural plays an important role in the Maillard
reaction and participates in various biological and biochemical processes. However, it is also a toxic
compound, with exposure risks arising from ingestion, dermal absorption, or inhalation. Furfural has
been identified as a natural metabolite in the aerobic bacterium Francisella tularensis and in Angelica
gigas (Korean angelica) [56].

2-Ethylfuran (33), characterized by a sweet, burnt, and earthy odor, has been detected in several
edible plants. Notably, it occurs at relatively high concentrations in kohlrabi (Brassica oleracea var.
gongylodes) [57]. Another furan derivative, 5-methylfurfural (34), has been reported in Camellia
sinensis and Swertia japonica [58] and is also produced by the yeast Saccharomyces cerevisiae during
fermentation processes [59]. In addition, 5-dodecyldihydrofuran-2(3H)-one (38), a structurally
distinct furan derivative, has been isolated from the n-hexane extract of Melilotus officinalis seeds [60].
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Figure 7. Furan derivatives and other compounds derived from H. sosnowskyi biomass.

Levoglucosan (40), also known as 1,6-anhydro-p-D-glucopyranose, is a characteristic product of
carbohydrate pyrolysis, particularly from cellulose and starch. Structurally, levoglucosan is a hexose
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sugar containing a pyranose ring with a 1,6-anhydride bridge linking carbon atoms C-1 and C-6 via
an oxygen atom, and three hydroxyl groups located at C-2, C-3, and C-4. This compound has been
detected in a variety of plant species, including Lotus burttii and Lotus tenuis [61]. Alongside
levoglucosan, several additional sugars were identified in the degradation products, including two
isomeric forms of ribose, rhamnose, arabinose, a-mannopyranose, (-mannopyranose, «-
glucopyranose, and -glucopyranose [55,62].

Finally, four cyclic ketones (41-44) were identified among the pyrolysis products. These
compounds were previously isolated from coffee oil, and their structures—initially proposed based
on ultraviolet, infrared, and mass spectrometric data—were later confirmed through targeted
chemical synthesis, as reported by Gianturco and co-workers [63].

5. Aromatic, Lipid, and Oxidation-Derived Compounds from H. sosnowskyi

Aromatic compounds represent a broad class of organic molecules characterized by a stable
cyclic conjugated m-electron system, commonly referred to as an aromatic ring. This electronic
configuration imparts distinctive physicochemical properties, including enhanced thermodynamic
stability and specific reactivity patterns. The term “aromatic” originally arose from the often pleasant
odors associated with early-discovered representatives of this class; however, it is now well
established that not all aromatic compounds are odorous [64,65].

Aromatic compounds are widely distributed in nature and are particularly abundant in aromatic
plants, which have been utilized since antiquity in traditional medicine, food preservation, and
flavoring. Prominent examples include oregano, rosemary, sage, and anise—species originating
predominantly from the Mediterranean region [66,67]. These plants are rich in bioactive constituents,
especially polyphenols, which exhibit antimicrobial, antioxidant, antiparasitic, antiprotozoal,
antifungal, and anti-inflammatory activities [68,69]. Growing demand for natural, environmentally
friendly, and generally recognized as safe (GRAS) products has stimulated interest in aromatic plants
and their extracts as next-generation agents for human and animal health, nutrition, and sustainable
agriculture [70,71].

Oligo- and polyaromatic compounds present in plant biomass may undergo extensive
transformation under environmental influences such as microbial degradation or thermochemical
decomposition. These processes result in the formation of low-molecular-weight aromatic
compounds (45-61, Figure 8). Such transformations have been widely investigated, particularly in
the context of biomass pyrolysis and oxidative degradation [2,4,55,62,72]. A comprehensive profile
of these aromatic degradation products derived from H. sosnowskyi biomass is presented in Figure 7.
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Figure 8. Aromatic compounds derived from H. sosnowskyi biomass.

The lipid composition of fruits from eight Heracleum species—H. ternatum, H. pyrenaicum subsp.
pollinianum, H. verticillatum, H. orphanidis, H. sphondylium, H. sibiricum, H. montanum, and H.
pyrenaicum subsp. orsinii—was investigated with respect to fatty acids, sterols, and triterpenes. Plant
material collected in southeastern Europe (Slovenia, Serbia, Montenegro, and North Macedonia) was
extracted with dichloromethane, and the oil supernatants were subjected to chromatographic
analysis. Petroselinic acid (18:1, cis-6-octadecenoic acid) was identified as the dominant fatty acid,
accounting for 42.8-56.5% of the total lipid fraction. Linoleic acid (18:2, w-6, cis,cis-9,12-
octadecadienoic acid) was present at levels of 20.3-33.3%, followed by oleic acid (18:1, cis-9-
octadecenoic acid), which constituted 12.3-13.7% [73]. Petroselinic acid has also been reported in
Agaricus blazei and has been associated with various health-promoting effects, including support of
digestive and respiratory functions, regulation of menstrual flow, and immune system modulation.
Traditionally, it has been used in herbal preparations such as teas and topical tinctures [74]. This fatty
acid has additionally been identified in Angelica ternata, another member of the Apiaceae family [75].

Sterols and triterpenoids identified across multiple hogweed species include A37°(11)22-
ergostatetraenol, ergosterol, campesterol, stigmasterol, A7,2-ergostadienol, A7-campesterol, a-amyrin
(ursane-type), A’-stigmastenol, and A7-avenasterol (3[3,24Z-stigmasta-7,24(28)-dien-3-ol). Among
these, B-sitosterol was the most abundant sterol, representing 44.9-56.9% of the total sterol fraction,
followed by stigmasterol (15.7-25.0%), A’-stigmastenol (6.6-12.5%), and campesterol (5.2-8.1%) [74].

Borska and co-workers reported detailed lipid profiling of H. sosnowskyi growing in Latvia [76].
Their study revealed a diverse array of positional and geometric fatty acid isomers, with marked
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variation in concentration among different plant organs. Lipid extracts from H. sosnowskyi exhibited
pronounced antimicrobial activity and cytotoxic effects against several cancer cell lines.

In total, 38 distinct fatty acids were identified in extracts obtained from various parts of the
hogweed biomass (Table 5). Palmitic acid (16:0) was the most abundant saturated fatty acid.
Collectively, mono- and polyunsaturated fatty acids accounted for more than 75% of the total fatty
acid content. Roots were particularly rich in linoleic acid (C18:2n-6, cis-isomer) and a-linolenic acid
(C18:3n-3), whereas immature seeds contained high levels of 9,12-octadecadienoic acid. Mature seeds
were dominated by trans-vaccenic acid (C18:1n-7), while palmitic acid was present in comparable
amounts across all plant organs.

Leaves and flowers were identified as the primary reservoirs of fatty acids, largely associated
with monogalactosyldiacylglycerols, which typically contain one saturated (palmitic acid) and one
unsaturated fatty acid chain, or two unsaturated chains. Numerous positional and geometric isomers
of stearic acid derivatives were detected, including trans-isomers (18:1n-9t, 18:1n-11t, 18:1n-13t,
18:1n-14t, and 18:1n-15t) as well as the rare cis-isomer (18:1n-12c), previously reported primarily in
maple seed oil [76,77].

Leaves exhibited the highest total fatty acid content (4.398 mg per 100 g dry weight), while stems
and roots displayed the greatest diversity (33 fatty acid types). In contrast, mature and immature
seeds contained fewer fatty acid species (25 and 23 types, respectively). In leaf tissue, a-linolenic acid
(C18:3n-3; A9¢,12¢,15¢) plays a central role in lipid metabolism and redox homeostasis, functioning
both as an antioxidant and as a precursor in biosynthetic pathways [77]. Approximately 70% of leaf
fatty acids belonged to the polyunsaturated fatty acid (PUFA) class, underscoring their significant
bioeconomic potential [78].

The unusual fatty acid 7c,10c,13c-hexadecatrienoic acid, detected in leaves and flowers of
hogweed, has previously been reported only in potato leaves following alkaline hydrolysis during
studies of wound-induced plant responses [79]. Notably, only stem extracts contained detectable
amounts (0.21%) of 9-oxooctadeca-10,12-dienoic acid, a potent inhibitor of acetyl-CoA carboxylase
(ACC), a key enzyme in fatty acid biosynthesis [80]. This observation suggests a possible regulatory
or allelopathic role for this compound, positioning hogweed stems as a potential source of
bioherbicidal agents [76].

Fatty acids dominant in hogweed, particularly petroselinic and oleic acids, readily undergo
photooxidation in the presence of sunlight and molecular oxygen. This process leads to the formation
of unstable peroxide intermediates, including 1,2-dioxetanes and 1,2,3-trioxolanes, respectively
(Figure 8). Experimental evidence for these reactions includes the detection of fatty aldehydes (e.g.,
nonanal, caprylaldehyde) and dicarboxylic acids such as nonanoic, azelaic, succinic, and adipic acids,
which arise from peroxide decomposition (Figure 9) [81].

Photooxidation proceeds via photodynamically generated singlet oxygen, which adds to
unsaturated fatty acid double bonds. Subsequent hydrogen abstraction from adjacent methylene
groups yields hydroperoxylipids that readily decompose. Both dioxetane and trioxolane peroxides
are highly reactive and capable of releasing singlet oxygen, thereby amplifying oxidative stress. This
reactive environment may synergistically enhance the phototoxic effects of furanocoumarins and
contribute to DNA damage.

Finally, essential oils isolated from various parts of H. sosnowskyi contain substantial amounts of
alkyl acetates and carboxylic acid esters, collectively encompassing compounds 100-137. Several
volatile constituents were identified for the first time exclusively in H. sosnowskyi. Compounds 109
and 116 were unique to this species, whereas compounds 115-137 had previously been reported only
in trace amounts in other plant essential oils. The widespread presence of dicarboxylic acids in
hogweed tissues further supports extensive fatty acid oxidation via peroxide intermediates,
consistent with earlier observations [82].
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Figure 9. The general scheme of fatty acid oxidation and formation of both types of peroxides: 1,2-dioxetane and
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Figure 10. Hydrocarbons, fatty aldehydes, fatty alcohols, alkyl acetates, and esters of carboxylic acids derived

from leaves, fruits and other parts of the H. sosnovskiyi .

Table 1. Saturated fatty (carboxylic, dionic) acid composition of H.sosnovskyi (og/100g DW).

No. [Fatty Acids Roots Stems Leaves Flowers
62 (8:0 0.7 15.0 0.1 0.7
63  [Succinic acid 0.3 3.3 1.6 0.3
64 [12:0 0.4 1.7 4.1 1.5
65 |14:0 1.6 19.8 33.1 17.2
66 |Adipic acid 1.2 14.5 5.8 1.5
67  [9-0x0-9:0 1.4. 23.3 3.3 0.7
68 [15:0 2.8 18.8 7.9 24
69 |Azelaic acid 1.6 10.2 4.8 1.2
70 (16:0 60.1 884.1 615.8 173.3
71  (Iso-17:0 0.1 0.5 0.1 0.1
72 (17:0 15 15.1 16.9 3.7

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1700.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 December 2025

d0i:10.20944/preprints202512.1700.v1

17 of 25

73 |18:0 5.3 45.4 84.8 18.8
74 [22:0 2.8 23.6 24.4 6.6
75  [23:0 12 17.0 13.4 3.3
76 [24:0 5.2 59.4 61.9 13.6
77  [25:0 11.2 5.6 39.9 0.9
Table 2. Monoenoic fatty acids.
No. [Fatty Acids Roots Stems Leaves Flowers
78  [16:1n-11 (A5c) 0.6 0.1 1.8 0.5
79  [16:1n-9 (A7¢) 0.8 22.6 2.8 7.1
80 |16:1n-7 (A9c) 0.5 2.6 7.0 0.6
81 |16:In-5 (Allc) 0.4 0.5 0.1 0.3
82 |16:1n-3 (Al2c) 0.3 6.8 86.0 1.1
83 |17:1n-7 (A10c) 0.3 0.1 0.1 3.9
84 [18:1n-9 (A9t) 9.5 15.2 772 56.1
85 |18:1n-7 (Allt) 24 42.7 9.5 10.4
86 |18:1n-6 (Al2c) 7.6 6.5 15.9 1.6
87  |18:1n-3 (Al4t) 1.2 2.6 2.2 0.5
88  |18:1n-2 (A15t) 30.0 5.0 35.7 2.6
89  [20:1n-6 (Al4t) 0.5 28.3 3.2 6.8
20:1n-9 (A11t)
90 [20:1n-11 (A9c) 0.1 0.1 0.1 0.1
91 [20:1n-9 (Allc) 0.7 2.8 11.0 7.1
92  [20:In-7 (Al3c) 0.1 1.9 14 5.6
Table 3. Di- and polyenoic fatty acids.
No. [Fatty Acids Roots Stems Leaves Flowers
93  |16:2n-6 (A7c,10c) 0.2 3.9 5.4 0.9
94  |18:2n-6 (A9c,12t) 5.5 600.6 10.0 2.7
95  |18:2n-6 (A9c¢,12¢) 185.0 0.1 856.1 230.5
96  |18:2n-6 (A10t,12t)(0x0-9) 0.1 42 0.1 0.1
97  |18:2n-6 (A10t,12¢) 0.1 0.1 0.1 0.1
98  [16:3n-3 (A7c,10c,13c) 0.9 55.0 633.2 6.3
99  [18:3n-3 (A9c,12c,15¢) 23.2 714 1687.4 135.5

6. Hogweed Burns and Their Possible Treatment

Furanocoumarins present in hogweed sap play a central role in the development of skin burns
following contact with Heracleum sosnowskyi. The principal phototoxic constituents include
xanthotoxin, bergapten, angelicin, and 5- and 8-methoxypsoralen (Figure 2). These compounds are
capable of intercalating into cellular DNA and forming covalent bonds with pyrimidine bases in
keratinocytes and melanocytes. However, the manifestation of phototoxic injury requires subsequent
exposure to ultraviolet (UV) radiation, which explains why bullous dermatitis typically does not
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occur immediately after skin contact with hogweed sap unless the affected area is irradiated by
sunlight [1,83,84].

Upon UV exposure, furanocoumarins undergo photochemical activation within skin cells,
triggering a cascade of reactions that lead to the generation of reactive oxygen species (ROS). This
process is accompanied by the release of substantial amounts of thermal and photonic energy. The
resulting oxidative stress induces damage to cellular membranes and mitochondria, disrupts
metabolic processes, and ultimately leads to apoptosis or necrosis of affected cells [85-87].

Clinically, these molecular and cellular events manifest as erythema, edema, and blister
formation, characteristic of phytophotodermatitis. In the later stages, enhanced melanocyte activity
is observed in the irradiated area, resulting in pronounced hyperpigmentation. This pigmentation
response is considered a protective adaptive mechanism that limits further ultraviolet penetration
and mitigates additional photochemical damage [22,83,84].

6.1. Classification of Burns Caused by Hogweed

Based on the severity of clinical manifestations, contemporary dermatology distinguishes three
principal clinical forms of phytophotodermatitis resulting from exposure to Heracleum sosnowskyi sap
[22,88].

The erythematous form is the most common and corresponds to a first-degree thermal burn in
terms of tissue involvement. It is characterized by a burning sensation and localized erythema,
typically appearing as linear streaks or irregular patches confined to the areas of direct contact with
the plant sap. Desquamation of the epidermis usually begins approximately two weeks after
exposure and is followed by the formation of persistent hyperpigmented macules.

The erythematous-bullous form is comparable to a second-degree burn with respect to the depth
of skin damage. Clinically, it presents with pronounced hyperemia accompanied by the formation of
multiple tense vesicles and bullae, which frequently coalesce into large blisters measuring up to 10
cm in diameter. Rupture of the bullae typically occurs within one week, leading to crust formation at
the affected sites, followed by residual hyperpigmentation. This form is often associated with signs
of moderate systemic intoxication, including malaise and low-grade fever [32,33].

The erosive-ulcerative form represents the most severe manifestation of hogweed-induced
photodermatitis. Its initial presentation resembles that of the erythematous-bullous type; however,
following rupture of the vesicles, persistent erosions develop and subsequently progress to deep
ulcerations. Healing is prolonged and commonly results in the formation of hyperpigmented scars.
Systemic intoxication is more pronounced in this form, reflecting extensive tissue damage and
inflammatory response.

6.2. Symptoms of Hogweed Burn

The initial local manifestations of skin injury following contact with Heracleum sosnowskyi sap
typically develop within several hours to one or two days after exposure. The earliest clinical signs
include well-demarcated erythema accompanied by an intense burning sensation. As the
inflammatory response progresses, multiple small vesicles form on the affected skin. These vesicles
arise against a background of increasing tissue edema and subsequently coalesce into larger bullae.

The resulting blisters are characteristically tense, thick-walled, and occasionally multilocular,
containing a clear serous exudate. In the majority of cases, contact with hogweed leads to first- or
second-degree burns; however, in rare instances, more severe third-degree burns may occur,
particularly following prolonged exposure or extensive skin contact combined with intense
ultraviolet irradiation [22,32,33,83].

Within several days, the bullae may rupture spontaneously, exposing a painful wound surface
or forming erosive—ulcerative lesions. Re-epithelialization of these lesions is typically slow and is
accompanied by crust formation. After detachment of the scab, persistent post-inflammatory
hyperpigmentation often develops and may remain visible for several months. The most frequently
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affected anatomical regions include the shins, forearms, and hands, which are commonly exposed to
both direct contact with the plant and sunlight.

In children, atypical patterns of injury are frequently observed due to behavioral factors.
Hogweed stems are often used during play as improvised objects such as “telescopes”, blow tubes,
swords, or toy horses, resulting in burns localized to unusual areas, including the periorbital and
perioral regions, trunk, and inner thighs [22,32,33].

The severity of cutaneous lesions generally correlates with the intensity of systemic intoxication
symptoms. These may include fever, chills, headache, general weakness, and decreased appetite. In
addition, prolonged inhalation of volatile compounds released from dense hogweed stands may
provoke pronounced dizziness and, in severe cases, syncope [89-91].

6.3. Treatment for Hogweed Burns

At present, no standardized clinical guidelines have been formally established for the diagnosis
and management of phytophotodermatitis caused by exposure to sap from plants of the genus
Heracleum [92-94]. Consequently, treatment strategies are largely based on clinical experience, case
reports, and general principles used in the management of phototoxic and thermal skin injuries.

According to available literature, immediate first aid following contact with hogweed sap is
crucial. The affected skin area should be promptly washed thoroughly with copious amounts of
running water and soap to remove residual plant sap. After cleansing, an antiseptic solution or topical
dexpanthenol may be applied, followed by coverage with a sterile dressing. Importantly, strict
avoidance of ultraviolet exposure is recommended for at least 48 h after contact, as UV radiation is
the key trigger for the development of phototoxic lesions [95-97].

In cases presenting predominantly with erythema, topical corticosteroid preparations may be
used to reduce inflammation, while nonsteroidal anti-inflammatory drugs (NSAIDs) can be
administered to alleviate pain. For mild erythematous forms of phytophotodermatitis, supportive
treatment with over-the-counter analgesics such as acetaminophen or ibuprofen, together with
emollients (e.g., petroleum jelly), is often sufficient to relieve symptoms and promote skin recovery
[22,32,33,88].

When bullous lesions develop, more intensive medical management is frequently required and
may necessitate treatment in a hospital setting [32,88]. Small blisters can be carefully punctured and
drained under sterile conditions, whereas larger bullae, extensive epidermal detachment, or
pronounced epidermal-dermal exudation should generally be managed conservatively through
gentle cleansing and sterile bandaging. In cases of moderate to severe inflammation, systemic
corticosteroids may be prescribed to reduce inflammatory responses and limit tissue damage [98—
101].

The erosive-ulcerative form of phytophotodermatitis represents the most severe clinical
presentation and may require surgical intervention. Therapeutic measures in such cases can include
surgical debridement, bullectomy, or, in rare and complicated situations, fasciotomy, particularly
when deep tissue involvement or secondary complications are present [22,32,33,97,102].

7. Conclusions

Sosnovsky’s hogweed (Heracleum sosnowskyi) represents a unique and serious intersection of
botanical invasiveness, chemical toxicity, and public health risk. The evidence summarized in this
review clearly demonstrates that the severe skin injuries associated with contact with hogweed sap
are the result of complex photochemical processes initiated by highly oxygenated secondary
metabolites, primarily furanocoumarins. Upon exposure to ultraviolet radiation, these compounds
undergo photoactivation and oxidation, leading to the formation of reactive intermediates such as
1,2-dioxetanes, singlet oxygen, and excited carbonyl species. These reactive entities induce damage
to cellular membranes, mitochondria, and DNA, resulting in apoptosis, inflammation, blister
formation, and long-lasting hyperpigmentation.
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Beyond furanocoumarins, H. sosnowskyi biomass contains a wide spectrum of biologically
active compounds, including furan derivatives, aromatic compounds, fatty acids, sterols, and
triterpenoids. Photooxidation of unsaturated fatty acids further contributes to peroxide formation
and oxidative stress, potentially amplifying the phototoxic effects initiated by furanocoumarins. The
chemical diversity of hogweed metabolites underscores that its harmful impact is not limited to a
single class of compounds but rather arises from synergistic photochemical and oxidative
mechanisms.

Clinically, hogweed-induced phytophotodermatitis presents with a broad spectrum of severity,
ranging from erythematous reactions to bullous and erosive-ulcerative lesions that resemble second-
and third-degree thermal burns. Despite the frequency and severity of these injuries, standardized
clinical protocols for diagnosis, treatment, and follow-up remain insufficiently developed. Current
management is largely symptomatic and based on general burn and dermatological care principles
rather than targeted, mechanism-based therapy.

In summary, H. sosnowskyi is not only an invasive ecological threat but also a significant
photochemical hazard to human health. A multidisciplinary approach integrating plant chemistry,
photobiology, dermatology, and public health is essential to mitigate the risks associated with
hogweed exposure and to develop effective preventive and therapeutic solutions.
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